A systematic study on the synthesis of the Ru-1212 compound by preparing a series of samples that were annealed at increasing temperatures and then quenched has been performed. It results that the optimal temperature for the annealing lies around 1060-1065
Introduction
There has been a number of reports on the coexistence of magnetic order and superconductivity in the rutheno-cuprate RuSr 2 GdCu 2 O 8 , synthesized for the first time in 1995 [1] . Its peculiarity lies in the fact that, unlike previous compounds, magnetic order occurs at a temperature much higher than the superconducting transition temperature. This compound is characterised by a triple perovskitic cell similar to the high-temperature superconducting cuprate (HTSC) YBa 2 Cu 3 O x , in that it contains two CuO 2 layers while the CuO chains are replaced by a RuO 2 layer. However, various experimental reports came to different conclusions. It has been suggested on the basis of transport measurements that its electronic behavior is similar to an underdoped HTSC [2] while, on the contrary, NMR measurements resulted comparable to those of an optimally doped HTSC [3] . Some other reports concluded that the magnetic order is ferromagnetic in the RuO 2 layers [2, 4, 5, 6 ] in which case there should be competition between the superconducting and magnetic order parameters resulting eventually in a spontaneous vortex phase formation or spatial modulation of the respective order parameters. However, powder neutron diffraction showed that the low-field magnetic order is predominantly antiferromagnetic [7] , with a small ferromagnetic component presumably produced by spin canting. The spectrum of published data includes also non-superconducting samples showing similar macroscopic magnetic behaviour [8] , samples showing zero resistance but no diamagnetic signal and finally samples with evidence of a resistive and magnetic transition. Since the physical properties of this rutheno-cuprate material are strongly dependent on the details of the preparation procedure, and can be very different even in samples that turn out to be formally identical to a standard structural and chemical-physical characterization, we have conducted a systematic study on the effects of sample preparation conditions on the properties of such hybrid compound.
Experimental
The crystal structure was determined by powder X-ray diffraction (XRD) using Cu K α radiation. dc resistivity and magnetic measurements were performed by the standard four-probe technique with 1 mA current in a closed-cycle helium cryostat in the temperature range 15-300 K and by a Quantum Design SQUID magnetometer, respectively. Measurements were performed on similar size barshaped sintered polycrystalline specimens allowing comparison of the results.
Sample Preparation
Polycrystalline samples with nominal composition RuSr 2 GdCu 2 O 8 (hereafter referred as Ru-1212) are commonly prepared by solid-state reaction technique from a mixture of high purity RuO 2 (99.95 %), Gd 2 O 3 (99.99 %), CuO (99.9 %) and SrCO 3 (99.99 %) [1, 4, 5, 9, 10, 11] . The raw materials are: i -first reacted in air at about 960
• C to decompose SrCO 3 ,
ii -heated in flowing N 2 at 1010
iii -annealed in flowing O 2 at temperatures ranging from 1050 to 1060
• C and iv -finally, a prolonged anneal in flowing O 2 at 1060
• C is performed, during which the material densifies, granularity is substantially reduced [12] and ordering within the crystal structure develops [13] . Because the superconducting and magnetic properties are affected by the details of the preparation process, which in turn affect the microscopic structure, a systematic work on the synthesis of Ru-1212 and the effects of sample preparation on the magnetic and superconducting properties was developed [14] . Basically, a procedure as described commonly in literature and sketched in Fig. 1 has been adopted with the aim of giving insight on the formation and stability of the various phases involved in the synthesis of this complex system. Each reaction step was carried out on a MgO single crystal substrate to prevent reaction with the alumina crucible. Between each step the products were thoroughly ground and pressed into pellets. i -The stoichiometric oxides were first calcined in air at different temperatures, T A , for 12 h. XRD spectra performed on these calcined samples are shown in Fig. 2 (a), (b), (c) . The spectra show the peaks of the Ru-1212 phase whose amount increases with the temperature of the thermal treatment. There are
